This article empirically investigates the determinants of aggregate health expenditure in a panel of OECD countries from 1980 to 2005. We differ from most existing studies by testing some new determinants motivated by recent theoretical advances in the literature. We find that a one percentage increase in public pension payments per elderly person leads to approximately a one third percentage increase in aggregate health spending, and this effect is significant and robust across a variety of model specifications. A back of the envelope calculation based on this estimate suggests that the expansion of the public pension programme on average accounts for approximately over one fifth of the rise in aggregate health expenditure as a share of GDP in the set of OECD countries during 1980-2005. In addition, we find that the estimated effect of GDP per capita in our model ranges from 0.66 to 0.80, which is consistent with the results from some recent studies, and thus further reinforces the finding in the literature that health care is not a luxury good.
I. Introduction
It is well known that aggregate health expenditure in developed countries has risen dramatically over the last several decades. For instance, aggregate health spending as a share of GDP in developed OECD countries was on average only 4% in 1960 and it jumped to 10% in 2005.
1 Why has health spending risen so much in developed countries? This question has attracted growing attention in the literature. 2 The conventional explanations for the rise in health spending include income growth, increased health insurance coverage, demographic change, etc. However, previous studies have found that these explanations are either insignificant or quantitatively not enough to explain the dramatic rise in health spending. 3 As argued in Newhouse (1992) , these explanations together only account for a small portion of the rise in health spending, suggesting that a large portion of the rise in health spending still remains unexplained.
Motivated by the large unexplained residual, the recent literature has tried to identify new explanations for the rapid rise in aggregate health spending. 4 Among these studies, Zhao (2014) argues that the size of the public pension programme may be an important determinant of aggregate health spending because the public pension programme redistributes resources to the elderly whose marginal propensity to spend on health care is much higher than the rest of the population. 5 Using numerical simulations techniques, he finds that the expansion of public pension in the US can account for over a third of the rise in US aggregate health spending as a share of GDP over the last half century. The main goal of this article is to empirically test this hypothesis by estimating the determinants of aggregate health spending in a panel of 21 OECD countries over the period 1980-2005 using a linear panel data model. In particular, we include the size of the public pension programme (measured by public pension payments per elderly person) into an otherwise standard empirical model for the determinants of aggregate health spending, and we focus on its effect on health spending by exploring a variety of specifications.
Our main finding is that the size of public pension has a positive effect on the aggregate health expenditure of the country, and this effect is significant and robust across all the model specifications. Specifically, a one percentage increase in public pension payments per elderly person leads to approximately a one third percentage increase in health spending per capita in our baseline specification. This result suggests that the expansion of public pension may be an important reason why aggregate health spending as a share of GDP has risen so much in developed countries. Using our baseline estimate, a simple back of the envelope calculation suggests that the expansion of public pension in the set of OECD countries can account for approximately one fifth of the rise in aggregate health spending as a share of GDP over 1980 GDP over -2005 In addition, we find that the estimated effect of GDP per capita (i.e., the main existing explanatory variable) on health spending ranges from 0.66 to 0.80 in our empirical model. These estimates are consistent with the recent results in Acemoglu, Finkelstein, and Notowidigdo (2013) , where the effect of income on health spending is found to be from 0.7 to 1.1 by instrumenting for local area income with time series variation in oil prices interacted with local oil reserves. Thus, our results further reinforce the finding in the literature that health care is not a luxury good, and consequently income growth may not be an important cause of the rise in aggregate health spending as a share of GDP. 6 It is worth noting that we also extend our empirical analysis to include another new explanatory variable, the aggregate hours worked per working-age person, which is a commonly used measure for aggregate labour supply in macroeconomics literature. He and Huang (2013) have recently suggested that this variable may be another possible determinant of aggregate health spending. They argue that both leisure time and health care are inputs in the production of good health, therefore leisure time is a substitute for spending on health care. According to this theory, aggregate labour supply is expected to have a positive effect on aggregate health spending. In a quantitative dynamic macro model with endogenous health capital, they show that an important reason why Americans spend much more on health care than Europeans is that Americans work much more. Their numerical simulation results suggest that aggregate hours worked per working-age person can be another determinant of aggregate health spending. We also test this hypothesis in our empirical analysis. However, we find that the estimated effect of aggregate hours worked on health spending is small and is insignificant in most model specifications. 7 Several recent studies, e.g., Potrafke (2010) and Herwartz and Theilen (2014) , documented that political factors are important for understanding public health expenditure. We also found that political factors affect public health expenditure in our sample. However, we did not find consistently significant effects of political variables (electoral motives, government ideology, etc.) on aggregate health expenditure. A possible reason that political factors affect public health expenditure but not the aggregate one is that public health expenditure may have a crowding-out effect on private health expenditure. For example, Potrafke (2010) finds that private health expenditure is negatively correlated with public health expenditure after the effects of political variables and some other covariates are controlled for. Consequently, private health expenditure may decrease when the public one increase due to electoral motives, etc.
This article is closely related to the literature that uses panel data models to identify the determinants of aggregate health spending among a set of OECD countries (see Gerdtham and Jonsson [2000] for a review of this literature). Most studies in this literature have focused on the main common hypothesis, i.e., the income growth hypothesis. This hypothesis can also be rephrased as the idea that health care is a luxury good so that health spending as a share of GDP increases as income grows. These studies found that the effect of GDP per capita on health spending is significant and the effect is robust, but the estimated income elasticity of health spending is usually less than one or only slightly higher than one, which suggests that income growth may not be the important cause of the rise in health spending as a share of GDP over the last several decades. 8 The literature has also studied many other relevant variables, e.g., the share of elderly population and the share of public health spending. However, most of them have been found either insignificant or quantitatively not important. As suggested by Gerdtham and Jonsson (2000) in their review article, this literature needs more macroeconomic theories of health expenditure, and should look for new determinants of aggregate health expenditure. In line with this suggestion, for example, Potrafke (2010) finds election has a significant effect on a government's spending on public health care, and Herwartz and Theilen (2014) reinforce that political factors are important determinants of trends in public health care. We also follow this suggestion seriously. By taking advantage of the recent advance in the macroliterature that develops and studies quantitative theories of the macroeconomics of health expenditure, we empirically test several new determinants of aggregate health expenditure, and find that public pension payments per elderly person is another important determinant of aggregate health spending.
The rest of the article is organized as follows. We explain our hypothesis in Section II, and describe the data and our empirical strategy in Section III. We present the main empirical results and provide further discussions in Section IV and conclude in Section V.
II. The main hypothesis
We hypothesize that an expansion of the public pension programme would increase the aggregate health spending of the country after controlling for other covariates. As argued in Zhao (2014) , the public pension programme can increase the aggregate health spending via two channels. First, the public pension programme transfers resources from the young to the elderly, whose marginal propensity to spend on health care is much higher than the young, thus raising aggregate health spending. For example, if the marginal propensities to spend on health care for the young and for the elderly are 0.09 and 0.4, respectively, then transferring one dollar from the young to the elderly would increase aggregate health spending by 31 cents.
9 Second, the public pension programme raises expected future utility by providing annuities in the later stages of life and insuring for uncertain lifetimes. As a result, it increases the marginal benefit from investing in health to increase longevity, and thus induces people to spend more on health care. It is worth mentioning that this mechanism has also been noted in several earlier studies (Davies and Kuhn 1992; Philipson and Becker 1998) , which argued theoretically that mortality-contingent claims, such as Social Security annuities, may have positive effects on health spending and longevity.
Using numerical simulation techniques, Zhao (2014) shows that the effect of public pension on aggregate health spending is quantitatively important. To the best of our knowledge, however, no previous study has empirically investigated this hypothesis. This article aims to fill this gap in the literature.
It is also worth mentioning that some people may think that public pension wealth crowds out the private savings of agents with rational expectation, which can offset the impact of the above-described mechanisms. This is not exactly true. It has been well argued in the literature that public pension in a model with frictions can transfer resources from the young to the elderly (e.g., Imrohoroglu, Imrohoroglu, and Joines 1995; Attanasio and Brugiavini 2003) . For instance, public pension payments are usually larger than the private savings of poor people and people who live longer than expected. Future pension wealth cannot crowd out savings motivated by precautionary reasons because it is not liquid and cannot be borrowed against. Furthermore, a public pension reduces the aggregate capital level and thus increases the interest rate, which also induces people to allocate more resources 8 For example, Gerdtham et al. (1992) and Blomqvist and Carter (1997) . 9 According to Follette and Sheiner (2005) , elderly households spend a much larger share of their income on health care than nonelderly households. For instance, they find that in the US, the elderly in the third income quintile spend 40% of their income on health care, while health spending is only 9% of income for the non-elderly in the third income quintile in 1987.
to the later stage of life. In fact, several empirical studies have suggested that the substitutability between private savings and public pension wealth can be as low as 0.2, which means one dollar of public pension wealth only crowds out 20 cents of private savings (Diamond and Hausman 1984; Samwick 1997 ).
III. Data and empirical strategy

Data
The data used in this article are compiled from two sources: the OECD 2013 Health Data File and a data set contains OECD countries' politics-related variables used in Potrafke (2009) and Potrafke (2010 Potrafke (2010) , as well as some historical records collected online.
11 Table 1 provides simple descriptive statistics of the data (aggregation over countries and years). Figure 1 represents a typical pattern of changes for the aggregate health expenditure (the left panel) and the public pension (the right panel). It illustrates that on average the health expenditure and public pension increase about 2.25 and 1.86 times, respectively, from 1980 to 2005. The US spent much more on both health expenditure and public pension than the average, and the health expenditure rises dramatically. Germany's health expenditure follows a similar pattern to the US but due to policy changes, its public pension drops about 2.5% in 1989 and then increases steadily. In Australia, the size of public pension is always less than the OECD average, and the health expenditure is close to the average. The increasing pattern is similar to the US and Germany, especially the public pension rises fast after 1991. Figure 2 presents the variation of all the variables excluding the political ones. Panel (a) illustrates the change of the variables in level and in panel (b) we normalize each variable's value in 1980 to be unit. Several observations form from the figure: First, both health expenditure and public pension follow a similar trend: the average health expenditure per capita of 21 countries increases from US$1400 to US$3100 (about 2.2 times) from 1980 to 2005, and in the same period, the public pension per capital experiences a similar pattern of increasing: it almost doubled from US$1000 to US$1900. Second, panel (b) shows that both health expenditure and public pension increase faster than GDP. Especially, from 1980 to 1990, health expenditure and public pension have risen at nearly the same rate, while health expenditure increases faster afterward. In Fig. 3 , we visualize the relationship between health expenditure and public pension, where panel (a) includes all the observations for 21 countries during the period 1980-2005 and in panel (b) we take average of all 10 The countries are chosen to maximize the observations. 11 Some politics-related variables, e.g., election, for Belgium, Finland, France, Greece, Switzerland and Turkey, in the data set used by Potrafke (2009) and Potrafke (2010) are not available to us. We collected those observations from the historical records available online. For instance, the records for Belgium can be found at http://en.wikipedia.org/wiki/Belgian_federal_election,_2014. the countries in each year. The figure reveals a positive and strong correlation between health expenditure and public pension without taking into account other variables. Notably, the US spent much more on health care and it represents the 'vertical outliers' in panel (a).
Empirical strategy
Baseline model
To investigate the effect of public pension on health expenditure, we propose a static linear panel data model with the following specification:
( 1) where the subscript i indicates country and t indicates year. The dependent variable H it is health expenditure per capita. X ijt contains the following exogenous variables that may affect health expenditure,
PP it ¼ the size of public pension, which is measured by public pension payments per elderly person (age 65 and above). This variable is simply constructed by dividing the total public spending on old-age and survivors pensions by the number of elderly persons.
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L it ¼ the average annual hours worked per working-age person, defined as employment rate times average annual hours worked per worker.
Pop65 À 69, Pop70 À 74, Pop75 À 79, Pop80 À 85, Pop85þ ¼ the population shares of the people between age 65 and 69, 70 and 74, 75 and 80, 81 and 85 and above 85, respectively.
PH it ¼ the generosity of the public health insurance, which is measured by public health spending as a share of total health spending.
The parameters β j ; j ¼ 1; 2; Á Á Á ; 9 are coefficients for GDP it , PP it , Á Á Á and PH it , respectively, and β 2 is of special interest in this article. To better describe the causal relationship between health expenditure and the independent variables X ijt , we follow the literature (e.g., Gerdtham et al. 1992 ) and take logarithm for each variable. GDP is a generally accepted explanatory variable in the literature that contributes most to the increase of health expenditure. Public pension in our model is measured by its level per elderly person (age 65 and above) instead of its share of GDP as this leads to a straightforward interpretation of the coefficient of GDP it : Suppose public pension is measured by its share of GDP, then logðPP=GDPÞ ¼ log PP À log GDP and GDP's effect on health expenditure would be β 1 À β 2 . The variable L, 'the average annual hours worked per working-age person', is included to test the hypothesis recently proposed in He and Huang (2013) : both leisure time and health care are inputs in the production of good health; therefore, leisure time is a substitute for spending on health care. Public health insurance policies can also affect health spending because they reduce the effective price of health care for the consumers. Here, we use the share of public health spending in total health spending to measure the generosity of the public health insurance policies and thus control for such effects. The population of age 65 or above are eligible to public pension, and their spending on health care is arguably high and it is well known that health care spending increases significantly with age. 13 To account for the impact of population structure and capture the large variation within this age group in per-capita health care spending, we further classify the population of age 65 or above to five groups described earlier.
With these commonly used explanatory variables included in Equation 1, we may still be at risk of obtaining biased estimates of public pension's effect on health expenditure. Two main channels that could lead to such bias are (1) some omitted variables that cause policy-makers to increase the generosity of public pension programmes, e.g., election. Such omitted variables may also affect health-related public policies and thus cause biases in our estimates. 14 (2) Similarly, policy-makers may 12 Note that the public spending on old-age and survivors' pensions does not include pension payments through autonomous programmes to former civil servants. Please see Adema, Fron, and Ladaique (2011) for a detailed description of the measure. 13 For example, Zhao (2014) shows that the spending for age 75 and above is substantially higher than those for age 65-74. The data from Centers for Medicare & Medicaid Services also reveals that health care spending for those 85+ is twice as large as for those 65-84 in US. 14 Note that this issue is partly controlled by the variable, PH it , public health spending as a share of total health spending. However, as public health policies are usually complicated, this variable may not fully control the generosity of public health policies.
increase the generosity of public pensions in response to predictable increases in health care costs. Our estimates may suffer from, respectively, omitted variable and simultaneous equation biases through the two channels. To control for the abovedescribed potential factors that could bias our estimates, we incorporate some 'political variables' Y ikt into Equation 1.
in election year for country i, where M is the month of the election, d is the day of the election and D is the number of days in that month. Election it takes value zero in non-election year.
Ideology it ¼ government ideology, ranging from 1 to 5. Following Potrafke (2009) , this variable takes the value 5 if the share of governing left-wing parties in terms of seats in the cabinet and in parliament is larger than two thirds, and 4 if it is between one third and two thirds. The index is 3 if the share of central parties is 50%, or if the left-wing and rightwing parties form a coalition government that is not dominated by one side or the other. The index is symmetric and takes the values 2 and 1 if the rightwing parties dominate.
Min it ¼ 1 when the government does not have a majority in parliament, and 0 otherwise.
Coal 2 3 it ¼ 1 if a government is a coalition one with two or three parties, and 0 otherwise.
Coal 4 it ¼ 1 if a government is a coalition one with four or more parties, and 0 otherwise. γ k ; k ¼ 1; 2; Á Á Á ; 5 is coefficient for Election it , Ideology it Á Á Á and Col 4 it , respectively.
The above-described political variables, respectively, control for the effect of election years (Election it ), the government ideology (Ideology it ), whether the government has a majority in parliament (Min it ) and the number of partners if a government is a coalition one (Col 2 3 it and Col 4 it ). Using 18 OECD countries for 1974 -2004 , Potrafke (2010 show that incumbents increase the growth of public health expenditure for the purpose of election. Since policy-makers may also increase the generosity of public pension for the same political concerns, there can be a positive correlation between public pension and aggregate health expenditure that causes an upward bias in our estimates (the first channel we discussed earlier). By including the political variables, we expect to control for the political factors that may cause bias in our estimates. On the other hand, the rising health care cost can generate political pressure on the government to increase the generosity of public pension (the second channel of bias as we discussed earlier). If the rising health care cost affects government policies mainly through affecting the political factors captured by our political variables, including these variables can also help us alleviate the reverse causality between public pension and aggregate health expenditure. In other words, the second channel of bias that we discussed earlier may also be closed by adding the political variables.
In Equation 1, we include both time-invariant country effects α i and the time-specific effects η t to capture heterogeneity across countries and years. We adopt the usual approach to treat the time-specific effects as fixed and estimate them as the coefficients of time dummies that are included in the regressors, i.e., η t ; P T s¼2 ρ s d s;it where ρ s are coefficients and the 21 country dummies d s;it equal 1 if t ¼ s and equal 0 otherwise. 15 The analysis differs according to whether the country-specific effects are treated as fixed or random while in both cases OLS can be employed for estimation (see Section 21.8.4 in Cameron and Trivedi 2005) . To test the fixed effects versus random effects, we utilize a robust version of the auxiliary regression for the Hausman test (Wooldridge 2010) . Specifically, we first run an auxiliary regression:
where Mundlak 1978) , β 0 is a constant, i has mean zero and is uncorrelated with all independent variables X and Y, Z i is a vector of time average for all the 14 time-varying independent variables in Equation 1 and δ is the corresponding vector of coefficients. 16 Note that δ measures the correlation between the heterogeneity α i and the explanatory variables ðlog X ijt ; Y ikt Þ. As discussed in Wooldridge (2010) , testing H 0 : δ ¼ 0 vs. H 1 : δ Þ 0 is the same as basing the test on the random effects and fixed effects estimate. The above-mentioned 15 There is no intercept in Equation 1 because if an intercept is included then one of the 21 country dummies must be dropped. 16 Note that η t cannot be included in Z i because the time average of η t would be constant across all i.
model is estimated using pooled OLS and the cluster-robust SEs are used to allow for heteroscedasticity and serial correlation. A robust Wald statistic is then utilized for testing and the fixed effects model is preferred if the null hypothesis is rejected. This robust version of the auxiliary regression for the Hausman test does not impose the assumption that α i and ε i are i.i.d. in the hypothesized random effects model; thus, it is preferred to the regular Hausman test where such assumption is necessary because the i.i.d. assumption is unlikely given possible heteroscedasticity in the data.
Additional specification checks
Some possible issues, e.g., dynamic effects of health expenditure, unobserved policy changes, etc., may affect our estimation of Equation 1. For robustness checks, we present in this section several model specifications that extend the baseline model and discuss the corresponding strategies of estimation.
Dynamic effects
Dynamic effects, i.e., correlation over time of health expenditure (we specifically consider the correlation between log H it and log H i;tÀ1 ), may present for two possible reasons: (1) Health expenditure in last period determines the expenditure this period. The spending on the treatment of patients with chronic diseases is an example that leads to such correlation.
(2) Unobserved heterogeneity leads to a high countryspecific effects α i in each year. For example, climate change, which may be serially correlated, will likely lead to hotter days and more frequent and longer heat waves. This could increase the number of heat-related illnesses and deaths and in turn increase the health expenditure. In order to take into account the possible dynamic effects of health expenditure, we consider the following dynamic model where the health expenditure depends on both its lagged value and those explanatory variables in Equation 1.
where jρj is assumed to be less than 1. As is well known, standard panel estimators such as OLS, within estimator, are inconsistent for both fixed effects in the dynamic model earlier. 17 For example, an OLS estimator is inconsistent because log H i;tÀ1 is correlate with α i due to the fact that log
The estimating strategy we adopt is the Arellano-Bond (GMM) estimator proposed in Arellano and Bond (1991) , and lagged values of health expenditure are used to be instrumental variables. Specifically, when we estimate the first difference model from Equation 3 3,
(4) both ðlog X ijt À log X ij;tÀ1 Þ and ðY ikt À Y ik;tÀ1 Þ will be correlated with ðε it À ε i;tÀ1 Þ because Equation 3 implies log X ijt and Y ikt are correlated with ε it . Under the assumption that ε it are serially uncorrelated, it is easy to verify that log H i;tÀ2 ; log H i;tÀ3 , etc. are valid instruments for ðlog H i;tÀ1 À log H i;tÀ2 Þ. It is always possible to choose more than one instruments while the only parameter of interest is ρ, thus the model is overidentified and Arellano and Bond (1991) proposed panel GMM estimators for dynamic panel data models as Equation 3. The validity of the instrumental variables are tested using the Sargan over-identification test with a null hypothesis being 'the instruments as a group are exogenous'. 17 Inconsistency also arises for the random effects estimator, please see Chapter 22 in Cameron and Trivedi (2005) . 18 If one concerns the high persistency of health expenditure, the 'B-B' estimator proposed in Blundell and Bond (1998) may be preferred. In our results of dynamic specifications, ρ is estimated to be less than 0.80 in almost all of the cases, thus persistency is less likely an issue. Nevertheless, considering the small sample size of our data, we also adopt the Least Square Dummy Variable estimator approach in Bruno (2005) , which shows small sample improvement over both A-B and B-B estimators, to our analysis as a robustness check. The results are quantitatively similar to those using A-B estimator.
Policy changes
Public pension systems and their reforms are in a constant state of flux driven by shifting objectives, moving reform needs and a changing enabling environment. Especially, the early 1990s witnessed reforms of public pension systems for many European countries. For example, Germany introduced a fundamental reform to its public pension system since 1992 to respond to population ageing. This reform abolishes the indexation of pensions to gross wages in favour of net wages (Wilke 2009 ). The reforms on the public pension systems may change their impact on health expenditure that is not captured by Equation 1. We provide two alternative approaches to control for such effect: first, we consider another model specification by adding a country-specific linear time trend to Equation 1.
where D i is an indicator for country i, taking value 1 for country i and 0 for all others. This specification allows some policy changes that occur in a specific country throughout the period of analysis affect health expenditure. An alternative approach to account for the possible effects of policy changes is to analyse the effects of public pension on health expenditure for different policy periods. A natural dividing point would be 1991, the year 'Iron Curtain' fell because some countries in central and eastern Europe have implemented radical pension reforms and economy activities in Europe are changing dramatically since then. Thus, we conduct the previous analysis for the time periods from 1980 to 1991 and from 1992 to 2005 to check the possible effects of (unobserved) policy changes on the causal relation between public pension and aggregate health expenditure.
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IV. Estimation results
It is worth noting that in the model specifications in Section III, we implicitly assume stationarity of health expenditure, GDP as well as public pension by including logarithm of their levels (rather than growth rate) in the regression. Whether health expenditure and GDP have a unit root has been widely studied in the literature and the evidence is mixed, e.g., see the discussion in Jewell et al. (2003) . Therefore, before we present our regression analysis, we test the stationarity of the three variables using the methodology of panel LM unit root test proposed in Im, Lee, and Tieslau (2005) , which allows for structural breaks. We present the testing results in Table 2 . For logarithm of per-capita health expenditure, public pension and GDP, the panel LM unit root test statistic are well below the critical value at the 1% significance level (−2.326); thus, we reject the unit root null hypothesis for all the three series. This finding is also consistent with the result in Jewell et al. (2003) , which shows stationarity of health expenditure and GDP of 20 OCED countries.
We present the results of the baseline static model in Table 3 for fixed effects. According to the results of auxiliary regression test in this table, the model of fixed effects is more plausible in most of the specifications except model (iv) (at the 5% significant level); hence, we focus on the 19 Potrafke (2010) also checks the effects of political determinants on public health expenditure before and after the 'iron curtain' fell.
discussion of results for fixed effects. The estimated effect of public pension on health expenditure is consistently significant and quantitatively stable, ranging from 0.27 to 0.35, across different specifications. Approximately, the estimate implies that 1% increase in the size of public pension leads to approximately a one-third per cent increase in health spending per capita, which is consistent with the theoretical and numerical findings in Zhao (2014) . Since public pension payments per elderly person on average has increased by 90% in the set of OECD countries during 1980-2005, our estimate predicts that the expansion of public pension should have generated an increase of 30% in health expenditure per capita, which is approximately over one fifth of the rise in health expenditure in these OECD countries during the same period. In addition to the estimates of the coefficient, the important role public pension plays in explaining variation of health expenditure is also indicated by the goodness-of-fit (R 2 ) across the different specifications. Note that the overall R 2 for those specifications excluding public pension drops dramatically from 0.9 to 0.78 (model (iii)) and 0.61 (model (vii)).
The estimated effect of GDP on health expenditure ranges from 0.66 to 0:80, which is consistent with the recent results in Acemoglu, Finkelstein, and Notowidigdo (2013) . By instrumenting for local area income with time-series variation in oil prices interacted with local oil reserves, Acemoglu, Finkelstein, and Notowidigdo (2013) found that the effect of GDP on health spending is from 0.7 to 1.1. As a result, our results further reinforce the finding in the literature that health care is not a luxury good, e.g., in Blomqvist and Carter (1997) . The results of specifications (ii), (iii), (iv), (v), (vii) and (viii) imply that the impact of labour supply on health expenditure is ambiguous: the variable 'the average annual hours worked per working-age person' has a Table 3 . Regression results of the static model (fixed effects). a SEs in parentheses, *** significant at 1%, ** at 5% and * at 10% levels. b This row presents the p-value of the auxiliary regression test.
significant effect on health expenditure per capita in our baseline specification (models (i), (v) and (viii)), but the estimated effect is neither consistent nor stable across different model specifications. For instance, the estimates are almost opposite in models (iii) and (iv).
The results from some of our specifications, especially when two time periods are considered ( Table 7 ), show that aggregate health expenditure is higher for a coalition government. Nevertheless, we did not find consistently significant effects of the political variables on aggregate health expenditure, though an additional regression of growth rate of public health expenditure on growth rate of GDP and public pension, and political variables using our sample verifies the results in Potrafke (2010) and Herwartz and Theilen (2014) , where political factors are important for understanding public health expenditure. The reason for the discrepancy between our result and theirs may be that public health expenditure has a crowding-out effect on private health expenditure. For instance, according to the analysis in Potrafke (2010) , private health expenditure is negatively correlated with public health expenditure after controlling for the political variables and some other covariates. When the substitution between public and private health expenditure is significant, it can offset the effect of the political variables on public health expenditure and thus the impact on aggregate health expenditure is ambiguous. 20 Lastly, both the share of elderly population and the share of public health expenditure are not the main determinants of the aggregate health expenditure, which confirms the existing results, e.g., see Gerdtham and Jonsson (2000) . Table 4 reports the estimation results of the dynamic model. The p-value of Sargan test justifies the validity of the instrumental variables (lagged health expenditure) in all models except (ii) and (vii) at the 5% significance level. More specifically, except for the first and fifth specifications, the testing results suggest that at the 5% significance level, we cannot reject the null hypothesis that the instrumental variables we chose are exogenous. The results in Table 4 are quantitatively different from the static model. As expected, both GDP and public pension have smaller effects on health expenditure after we take into account the lagged health expenditure. While the size of the effects for both variables is about one half of that in a static model, the results are still consistent and stable across all specifications. It is important to understand the economic meaning of the different results between the static and dynamic models and that the results for the static model and the dynamic one are not inconsistent. In a dynamic panel data model (Equation 3 ), the effects of regressors can be interpreted as short-run effects as opposed to long-run ones. For ease of exposition, suppose public pension is the only explanatory variable in Equation 3 in addition to the lagged health expenditure. Then 1% increase of public pension will cause health expenditure to rise β 2 per cent at period t, and in period t þ 1, health expenditure will continue to increase, since past expenditure has a positive effect -ρβ 2 , another effect ρ 2 β 2 will be added in period t þ 2, . . .. It can be easily shown that the sum of all these effects, i.e., the long-run effect of public pension is β 2 =ð1 À ρÞ, which is much larger than β 2 for not very small ρ.
The results with country-specific time trend included into the baseline model are presented in Tables 5 and 6 . Again, the fixed effects model is preferred according to the results of auxiliary regression tests in Table 5. Comparisons between  the results of Tables 5 and 6, respectively, with  Tables 3 and 4 show that the effect of public pension is robust to country-specific unobserved factors. Notably, the effects of GDP reported in Table 5 are consistently smaller than that in Table 3 . This may be due to the possibility that those unobserved policy changes are strongly correlated with GDP but not public pension, for example, the development of Internet. Consequently, the effect of GDP would be smaller after we control for the unobserved policy changes while the effect of public pension is intact. Tables 7 and 8 report the estimates for two policy periods : 1980-1991 and 1992-2005 . In general, the results are very similar to the previous estimates. Nevertheless, the estimates do reveal discrepancy between two periods and the results for the period 20 Another possible reason for the discrepancy between our results and theirs is the choice of sample. Potrafke (2010) and Herwartz and Theilen (2014) 1980-1990 are relatively noisy. For example, the estimated impact of GDP is insignificant in the fixed effects model (Table 7) and consistently exceeds 1 in the dynamic model (Table 8) for the period 1980-1990. Astonishingly, public pension still has a consistently significant effect on health expenditure for both periods and across all the specifications. Notably, the effect of public pension is quantitatively larger for the period 1992-2005, which implies that the impact of public pension on health expenditure is not only significant but also increasing.
Further discussions on the rise in health spending
It is well known that aggregate health spending in developed countries has increased dramatically over the last decades. As shown in Table 9 , health spending per capita in developed OECD countries was on average only US$1378 in 1980 and it increased to US$3152 in 2005 (by a factor of 2.3). Why has health spending risen so much over the last several decades? This question has attracted growing attention in the literature. Our empirical estimation of the determinants of aggregate health expenditure can also shed some lights on this question. In particular, we identified a new determinant, the size of public pension and thus have provided a new potential explanation for the dramatic rise in health spending. As also shown in Table 9 , public pension payments per elderly person has on average increased by a factor of 1.9 in these OECD countries during 1980-2005. Therefore, a simple back of the envelope calculation based on our baseline estimate suggests that the expansion of public pension can generate a 30% increase in health spending per capita, which is approximately over one fifth of the average rise in health spending in these OECD countries during 1980-2005. a SEs in parentheses, *** significant at 1%, ** at 5% and * at 10% levels. b The number of lagged dependent variable chosen for instruments. For example, specification (viii) uses two periods' lagged H, i.e., log H i;tÀ2 and log H i;tÀ3 as instruments for ðlog H i;tÀ1 À log H i;tÀ2 Þ. c New Zealand has 2 years' data of population (years 2004 and 2005) , which cannot be used for estimations in (i), (v), (vi), (vii) and (viii).
Among the other explanatory variables, GDP per capita is the main existing explanatory variable for aggregate health spending. There has been a long debate on whether the growth of GDP per capita is the main driver of the health spending growth. Note that since health spending grows faster than GDP per capita in developed countries over the last several decades, the debate is sometimes also phrased as whether health care is a luxury good. As shown in Table 9 , the average GDP per capita in these OECD countries increased by a factor of 1.7 from 1980 to 2005. As a result, aggregate health spending as a share of GDP increased from 6.7% to 9.6% over the same period. Based on our estimated effect of GDP per capita on health spending, the increase in GDP per capita accounts for approximately two fifths of the rise in health spending in absolute value terms. However, the estimated effect of GDP per capita is significantly less than one among most model specifications, suggesting that health care is not a luxury good. In other words, the increase in GDP per capita cannot be the reason why health spending as a share of GDP has risen so much.
Our estimation results also provide evidence for several other hypotheses. For instance, the estimated coefficients for the elderly population shares are all insignificant in specification (viii) (the baseline specification), which suggests that population ageing may not be an important cause of the rise in health spending. The public health share (measured as public health spending as a share of total health spending) has a significant impact on health spending. In specification (viii), a one percentage increase in the public health share leads to a 0.36 percentage increase in health spending. However, since the public health share has not increased much from 1980 to 2005, it cannot be an important cause of the rapid rise in health spending. It is worth noting that if the public pension variable is not included into the regression model, the public health share has a significantly larger effect on health spending. This suggests that in existing regression models without Table 5 . Regression results with country-specific time trend: fixed effects. a SEs in parentheses, *** significant at 1%, ** at 5% and * at 10% levels. b This row presents the p-value of the auxiliary regression test.
the public pension variable, the public health share variable may have simply picked up the effect of public pension as the two variables are highly correlated with each other.
Our analysis also includes the aggregate labour supply variable (measured by average hours worked per working-age person), which is another new variable motivated by recent theoretical studies. As mentioned previously, He and Huang (2013) have recently argued that both leisure time and health care are inputs in the production of good health; therefore, leisure time is a substitute for spending on health care. According to this theory, aggregate labour supply should have a positive effect on aggregate health spending. In a quantitative dynamic macro model with health capital, they show that an important reason why Americans spend much more on health care than Europeans is that Americans also work much more. In our main specification (specification (vi)), the estimated effect of aggregate labour supply on health spending is significant at the 1% level. A 1% increase in average hours worked leads to a 0.31% increase in health spending. However, this result needs to be treated with caution as the effect of aggregate labour supply is not stable across different model specifications. 21 In addition, as can be seen in Table 9 , the aggregate hours worked per working-age person has not significantly increased from 1980 to 2005; therefore, it cannot be an Table 6 . Regression results with country-specific time trend: dynamic model. a SEs in parentheses, *** significant at 1%, ** at 5% and * at 10% levels. b The number of lagged dependent variable chosen for instruments. For example, specification (viii) uses three periods' lagged H, i.e., log H i;tÀ2 , log H i;tÀ3
and log H i;tÀ4 as instruments for ðlog H i;tÀ1 À log H i;tÀ2 Þ. c New Zealand has 2 years' data of population (years 2004 and 2005) , which cannot be used for estimations in (i), (v), (vi), (vii) and (viii). Table 7 . Regression results of the static model: two periods (fixed effects). a SEs in parentheses, *** significant at 1%, ** at 5% and * at 10% levels. b p-value of the auxiliary regression test. a SEs in parentheses, *** significant at 1%, ** at 5% and * at 10% levels.
important driver for the rapid rise in health spending over the same period.
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V. Conclusion
We empirically investigated the determinants of aggregate health spending with special attention to several new determinants that are motivated by recent theoretical advances in the literature. We have identified an important new determinant of aggregate health spending, that is, the size of the public pension programme. We found that a one percentage increase in public pension payments per elderly person would lead to approximately a one-third percentage increase in health spending per capita. A back of the envelope calculation based on our estimation suggests that the expansion of public pension can account for one fifth of the rise in health spending as a share of GDP in the set of OECD countries over 1980-2005. Our empirical results confirm the theoretical and numerical findings in Zhao (2014) . We also included a variable for aggregate labour supply variable (i.e., average hours worked per working-age person) in our model, another possible new determinant of health spending as suggested by some recent studies in the literature. However, our results showed that the effect of aggregate labour supply on health spending is ambiguous. Finally, we found that the estimated effect of GDP per capita (i.e., the main existing explanatory variable) ranges from 0.66 to 0.80 in our model, which is consistent with the results in previous studies, and thus further reinforces the finding in the literature that health care is not a luxury good, and income growth may not be an important reason why health spending as a share of GDP has risen so much.
